Introduction
============

Hirschsprung's disease (congenital aganglionic megacolon) is an intestinal motility disorder characterized by the absence of submucosal ganglion cells (Meissner plexus) or myenteric (Auerbach plexus) in the distal part of large intestine. Dysmotility of the affected segment may lead to some complications such as functional intestinal obstruction \[[@b1-cm-91-382]\]. Surgery is one of the most commonly used therapeutic modality for children \[[@b2-cm-91-382],[@b3-cm-91-382]\]. Its pathogenesis is not precisely understood, and various theories have been proposed. The most accepted hypothesis of the etiology of Hirschsprung disease (HD) is that there is a defect in the craniocaudal migration of neuroblasts originating from the neural crest, a process that occurs during embryonic development between the 4^th^ and 12^th^ week of pregnancy \[[@b4-cm-91-382]\]. The short-segment HD is common and occurs in the rectosigmoid region. Long-segment HD (15%--20% of the cases) may affect the entire colon \[[@b5-cm-91-382]\]. Approximately 50% of affected individuals have some genetic abnormalities \[[@b6-cm-91-382]\]. The disease is more common in boys than in girls \[[@b7-cm-91-382]\]. Clinical manifestations of the disease range from the infant's bowel obstruction to progressive chronic constipation at an older age. Approximately 80% of patients experience intestinal motility problems, malnutrition, and progressive abdominal distension in their early years \[[@b7-cm-91-382]\]. Manifestations of the disease appear in only 20 to 40 percent of newborns in Africa, while the rate is up to 90% in affected children in developed countries \[[@b8-cm-91-382]--[@b12-cm-91-382]\]. Diagnosis is based on clinical examination, radiographic studies, and histological interpretation of biopsy specimens \[[@b13-cm-91-382]\]. The first successful treatment was performed about 60 years ago. The primary surgical procedure for the disease includes releasing of the distal colon involved in the pelvis through extrarectal submucosal dissection up to 2 cm above the dentate line and creating end-to-end anastomosis \[[@b14-cm-91-382]--[@b18-cm-91-382]\]. Currently, various surgical techniques are used for HD such as Swenson, Soave and others \[[@b19-cm-91-382],[@b20-cm-91-382]\]. But there are few reports of the success or failure rates of these techniques. Patients diagnosed with Hirschsprung's disease are undergoing corrective surgery. More than half a century has now come to discover the causes and treatment of Hirschsprung's disease, and several surgical procedures have been developed which have less technical difficulty and better results.

Objectives
==========

Considering the prevalence of this disease and the importance of the performed surgical technique, we decided to evaluate the early and late complications following transanal pull through Soave technique in our study.

Methods
=======

Study population
----------------

We conducted a case-series study and identified all pediatric patients with the diagnosis of Hirschsprung disease (HSCR) who underwent transanal Soave pullthrough procedures in the Department of Pediatric Surgery of Besat Hospital. All children who underwent surgery from January 2007, to December 2018, were considered for this investigation. The diagnosis of HSCR in our center was established according to the clinical manifestation and histopathology findings. The two-staged Soave procedure was conducted for all participants. Moreover, all operations were performed by an experienced pediatric surgeon.

Data collection
---------------

Data extracted from a predesigned checklist included details on patient demographics, comorbidities (major cardiac anomaly, trisomy 21, and other syndromes), birth weight, mode of delivery, early and late complications occurred such as: infection, obstruction, stenosis, anastomosis leak, constipation, enterocolitis, incontinency and mortality. All patients were evaluated for these data at the hospital or by telephone.

Ethical approval for this study was obtained from the Hamadan University of Medical Sciences Ethical Review Committee. The information obtained was handled in a manner to ensure privacy and protect confidentiality.

Inclusion/exclusion criteria
----------------------------

We included all children with HD who underwent Soave procedures between December--January 2007, and December 2018 in our institution. We excluded the children who underwent another surgery technique during past years. Children who underwent laparoscopic or transabdominal operations were also excluded from this study.

Statistical analysis
--------------------

Analysis involved descriptive statistics like means, standard deviations, frequency distributions and cross tabulations. For categorical data where comparisons were made between groups, Chi-square statistics or Fisher's exact (in case chi-square was not valid) were used. Multivariate linear regression analysis was used to determine the risk factors associated with the occurrence of mortality and morbidity in the presence of basic characteristics of patients. Data were analyzed using SPSS software version 20. The significance level was less than 0.05.

Results
=======

In total, 55 patients were enrolled in our study. Mean age at the time of the second surgery in our study was 108±10 days. There were 24 males (43.6%) and 31 females (56.4%). The general data of the patients are shown in [Table I](#tI-cm-91-382){ref-type="table"}.

Comorbidities have been reported in some of the studied patients, as shown in [figure 1](#f1-cm-91-382){ref-type="fig"}.

[Table II](#tII-cm-91-382){ref-type="table"} shows the various complications observed following the definitive surgical procedures.

The first operation of all patients was performed in the neonatal period. In this study the complications were evaluated following the second operation. The results showed that 23.6% of patients had short-term complications and long-term complications occurred in 54.5% of them. The distribution of disease complications according to the patient's age is shown in [Table III](#tIII-cm-91-382){ref-type="table"}. Constipation and obstruction were two major and most common early and late complications which presented in comparison to the other ones. However, the statistical differences observed in these complications in the two age groups were not statistically significant (for constipation p=0.4 and for intestinal obstruction, p=0.08, respectively).

The short-term and long-term complications of patients in terms of gender is presented in [Table IV](#tIV-cm-91-382){ref-type="table"}.

The results showed that there was no statistically significant relationship between the presence of comorbidities and the occurrence of complications in the short-term (p=0.48) and also long-term (p=0.63). There were no cases of post-surgical mortality in our study. No obvious or significant relationship was indicated between early (p=0.9) as well as late (p=0.8) complications and mortality in HD patients.

Discussion
==========

Hirschsprung's disease (HD) is a rare alimentary tract disease. In the pathogenesis of HD, the migration arrest of enteric neural crest cells (ENCCs) is prominent, leading to the failure of reaching to the hindgut during embryogenesis. A total of 98% of neonates pass meconium within 24--48 hours after birth, while this fails in patients with HD \[[@b21-cm-91-382]\]. There are various techniques for managing the disease. The outcome of each technique is determined by the short-term and long-term complications. The ultimate goal of all these methods is to establish proper bowel movement without fecal incontinence or constipation \[[@b22-cm-91-382]\]. In 1964, Soave described the endorectal approach for pull-through. In this procedure, the mucosa-submucosal layer of distal part of the rectum is removed and the normal ganglionic colon is drawn through the muscular cuff of the aganglionic colon and ultimately colo-anal anastomosis is performed \[[@b23-cm-91-382]\]. Here, extended dissection is avoided and the internal area of the anal sphincter preserved \[[@b19-cm-91-382],[@b24-cm-91-382]\]. Given the complexity of the etiology, genetics, pathology, and pathophysiology of HD, it is not surprising that adverse consequences appear even after a safe and secure operation. The incidence of complications after treatment of HD is not low. Various factors play a role in such outcomes, including the age of the child at the time of treatment, the duration of the disease, the associated anomalies and the type of surgical procedure \[[@b25-cm-91-382]--[@b27-cm-91-382]\]. It is generally thought that restoring the continuity of digestive tract function at a younger age leads to better control of the defecation by a child in older ages.

In the present study, 55 patients with HD who underwent transanal pullthrough Soave technique during a 12-year period were evaluated. The results of data analysis showed that most of the patients were female, term and born through NVD. The mean weight of the neonates was 2970 gr (range from 2100 to 4100 grams). The most commonly reported disorder and associated comorbidities in our study were congenital heart diseases, such as ASD, VSD and PDA.

In the study of Hiradfar et al. \[[@b28-cm-91-382]\], the dominant population were female. The results of our study in terms of neonatal birth weight were similar to those of the Bradnock study \[[@b29-cm-91-382]\]. Mohajerzadeh et al conducted a study aimed to compare the complications and consequences of Swenson and Soave surgery techniques in 60 patients with Hirschsprung's disease. They mentioned that the most commonly reported abnormalities were major cardiac disease and trisomy 21 \[[@b30-cm-91-382]\]. This association was also seen in other studies \[[@b31-cm-91-382]\]. The results obtained in our study are in line with the results of the above studies. The length of hospital stay was 7.36 days for our patients, which was in contrast with the period mentioned by Mohajerzadeh et al \[[@b30-cm-91-382]\].

Here in the present study the patients underwent a two-stage operation, and re-operation performed in some cases due to the complications. In the last decade, the development of surgical techniques has significantly improved the quality of life of HD patients. Some studies have suggested that HD patients undergoing one-stage operation had better prognosis than patients undergoing multi-stage surgery \[[@b31-cm-91-382],[@b32-cm-91-382]\]. Sulkowski et al reported that in the majority (77.2%) of HD patients undergoing pull-through surgery, a lower rate of readmission and additional surgeries was observed \[[@b31-cm-91-382]\]. However, the results of some studies (Sharma and Gupta) contradict these findings, and they stated that 82% of patients required multi-stage techniques in relation to the dilated bowel \[[@b32-cm-91-382]\].

Many complications may occur following the Soave surgery. Although numerous studies have focused on the effectiveness and safety of the Soave technique, clinical data remain inadequate to evaluate the long-term effectiveness of this surgical method.

In our study, 23.6% of patients had short-term complications and 54.5% of patients with long-term complications. Obstruction was the most commonly found complication in the short term, as well as constipation and intestinal obstruction were the most findings over the next 2 years of the surgery. Postoperative complications in Soave surgery pediatrics ranged from 14.7% to 67% in different studies \[[@b33-cm-91-382]--[@b35-cm-91-382]\]. Chronic constipation and obstruction were prevalent findings in these cases. There was no case of post-operative death in our study.

Enterocolitis is one of the long-term complications of HD surgery. It was noted in 14.5% of our series, which is similar to the results of other studies \[[@b14-cm-91-382],[@b36-cm-91-382]\]. In some studies, researchers used different cuff lengths for the Soave technique and found that the incidence of enterocolitis was lower in patients with short cuff (9% vs. 30%) \[[@b36-cm-91-382],[@b37-cm-91-382]\]. Some authors have argued that preoperative enterocolitis significantly increases the incidence of postoperative enterocolitis, due to the predisposing immunologic factors. There was no significant difference between the complications in different age groups. However, the incidence of intestinal obstruction and constipation was higher in patients less than 5 months of age.

This study has certain limitations in design and performance, including selection bias due to the preference of the operating surgeon, and the small sample size that could decrease statistical power. The results should be evaluated over longer time periods with follow-up in multiple centers. The mean operation time is a very important item associated with the occurrence of complications which was not mentioned in the records of our patients. According to the findings of this study, it is suggested that future studies should be conducted as cohort and with the control group, to report more accurate and measurable results. It is also recommended to compare the complications and consequences of the Soave surgical technique with other surgical techniques in order to reduce the complications.

Conclusion
==========

Surgical techniques have been developed and evolved for the treatment of Hirschsprung's disease over the time. Traditional methods are associated with high rates of short-term and long-term complications. Generally, it is believed that modern surgical techniques such as transanal pull-through Soave surgery have been helpful in reducing the incidence of such complications and was both feasible and safe for the management of patients with HD. Bowel obstruction and constipation were two prevalent early and long-term complications which have been resolved by re-operation and adequate and suitable nutritional regimens.
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###### 

Patient characteristics.

  Characteristics                         n/mean ± S.D.      %/range                 
  --------------------------------------- ------------------ ----------------------- ------
  **Sex**                                 Male               24                      43.6
  Female                                  31                 56.4                    
  **Age at the time of second surgery**   108 ± 10 days      (range days -- years)   
  **Birth weight**                        2970 ± 447.27      2100--4100              
  **Hospital stay**                       7.36 ± 4.83 days   1--21                   
  **Mode of delivery**                    C.S                26                      47.3
  NVD                                     29                 52.7                    
  **States of pregnancy**                 Term               41                      74.5
  Preterm                                 14                 25.5                    

###### 

Early and late post-surgical complications of the patients.

  Early Complications        N(percent)   Long-term Complications   N(percent)
  -------------------------- ------------ ------------------------- ------------
  **Death**                  0(0)         **Death**                 0(0)
  **Leak of anastomosis**    0(0)         **Constipation**          15(27.3)
  **Stricture (stenosis)**   1(1.8)       **Enterocolitis**         8(14.5)
  **Infection**              0(0)         **Fecal Incontinency**    3(5.5)
  **Obstruction**            14(25.5)     **Obstruction**           15(27.3)

###### 

Complications occurred at different ages in the study patients.

  Complications              Age of patients   
  -------------------------- ----------------- ---
  **Death**                  0                 0
  **Leak of anastomosis**    0                 0
  **Stricture (stenosis)**   1                 0
  **Infection**              0                 0
  **Obstruction**            26                3
  **Constipation**           11                4
  **Enterocolitis**          5                 3
  **Fecal Incontinency**     1                 2

###### 

Complications following Soave's procedure in terms of gender.

  Complications              Sex   
  -------------------------- ----- ----
  **Death**                  0     0
  **Leak of anastomosis**    0     0
  **Stricture (stenosis)**   0     1
  **Infection**              0     0
  **Obstruction**            11    15
  **Constipation**           0     9
  **Enterocolitis**          0     2
  **Fecal Incontinency**     0     1
